This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

. TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

. BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 



J 



(12) 



(43) Date of publication: 

02.11.2000 Bulletin 2000/44 

(21) Application number: 00109071.1 

(22) Date of filing: 02.05.2000 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 1 048 271 A2 

EUROPEAN PATENT APPLICATION 

(51) Intel. 7 : A61B 17/34, A61N 1/05 



(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Kohnen, Jane Lambie 




MCNLPTSE 




Minneapolis, Minnesota 55410 (US) 




Designated Extension States: 


• 


Cross, Thomas E. Jr. 




AL LT LV MK RO SI 




St Francis, Minnesota 55070 (US) 


(30) 


Priority: 30.04.1999 US 303045 


(74) 


Representative: 








Hughes, Andrea Michelle 


(71) 


Applicant: MEDTRONIC, INC. 




Frank B. Dehn & Co., 




Minneapolis, Minnesota 55432-3576 (US) 




European Patent Attorneys, 








179 Queen Victoria Street 








London EC4V 4EL (GB) 



(54) Apparatus and method for percutaneous implant of a paddle style lead 



(57) A needle assembly for introduction of a paddle 
style lead near a spinal column of a patient includes a 
body having a proximal end and a distal end, a lumen 
with a continuous oblong cross section, and a paddle 
style lead adapted to accept a stiffening member. The 
distal end of the body has an introducer portion where, 
the top side of the introducer has an orifice to allow for 
protrusion of the paddle style lead from the lumen into 



the spinal column area. The needle has a hub affixed to 
the proximal end of the body which is adapted to receive 
a stylet. The needle may also have a stylet that is 
inserted within the lumen. The introducer of the needle 
has a curvature extending from the bottom side toward 
the top side at the distal end and guides the introduction 
of the paddle style lead near the spinal column. 



FIG 3 




CM 
< 

CM 
CO 

O 



CL 
LU 



Printed by Xerox (UK) Business Services 
2.167 (HRS)/3.6 



1 

Description 

[0001] This invention relates generally to an appa- 
ratus for the percutaneous introduction of a paddle style 
lead into the space near the spinal cord of a patient, s 
Moreover, this invention relates particularly, but not 
exclusively to the percutaneous introduction of the pad- 
die style lead into the spinal column area through a nee- 
dle with an oblong cross section. 
[0002] Spinal cord stimulation is used to treat a mul- 
titude of disorders including multiple sclerosis, spinal 
cord injury, cerebral palsy, amyotrophic lateral sclerosis, 
dystonia, torticollis and other neurological disorders. 
Spinal cord stimulation is also useful for treating pain 
including intractable malignant and nonmalignant pain. 
Neural stimulation electrodes and leads implanted in 
the epidural space of the spinal cord of a patient stimu- 
late selected locations of the spinal cord for treatment of 
pain and various conditions. 

[0003] Surgically implantable paddle style leads, or 
flat leads, and percutaneous insertable wire leads for 
the spinal cord have been in use for some time. These 
paddle style, or flat leads, and wire leads are used for 
electrical stimulation of neurons in the spinal cord. Two 
types of leads are generally used for spinal cord stimu- 
lation: 1) wire and 2) paddle. 

[0004] Typically, a wire lead is introduced into the 
spinal column using a needle and a stylet assembly. 
The needle and stylet are inserted into the spinal col- 
umn area between adjacent vertebrae until the tip of the 
needle and stylet are advanced into the epidural space 
of the spinal column area. The stylet is withdrawn and a 
wire lead is inserted through the open area or lumen of 
the needle and into the epidural space to a selected 
location adjacent to the spinal cord. Some needle and 
stylet assemblies have a curved distal tip to facilitate 
introduction of the lead at an angle to the axis of the 
lumen portion of the needle. The needle typically has a 
side opening or orifice at its distal end for insertion of 
the lead into the selected location of the spinal cord. In 
some assemblies, the stylet may fill the entire lumen 
cavity including the side opening of the needle to pre- 
vent the collection of tissue in the lumen cavity during 
insertion of the needle. The stylet can also provide rigid- 
ity to the needle body for use during insertion. 
[0005] Current needle technology requires that all 
leads be of a circular cross section in order to be placed 
through the lumen portion of the needle into the epidural 
space. Needles used for insertion of the wire leads typ- 
ically have a circular cross section between 14 and 18 
gauge. 

[0006] The paddle style or flat leads are generally 
rectangular shaped flat paddles that must be surgically 
implanted. To introduce a paddle style lead into the epi- 
dural space percutaneously using needle insertion, the 
paddle lead must be rolled to a circular shape to slide 
through the typical circular cross section needle. The 
method of rolling the paddle lead and inserting through 
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a needle and unrolling the paddle style lead has not 
been perfected for use. The only way to insert a paddle 
style lead is by a surgical procedure known as a lami- 
notomy, a laminectomy, or similar surgical procedure. 
Because the paddle style lead must be surgically 
implanted, anesthesiologists may not perform the pro- 
cedure. 

[0007] Accordingly, there remains a need in the art 
for a non-surgical method of inserting a paddle style or 
flat lead into the spinal cord area. 
[0008] The present invention recognizes and pro- 
vides a solution to the problems associated with the per- 
cutaneous introduction of paddle style leads. The 
invention provides a unique needle for percutaneous 
insertion of a paddle style lead into the spinal column 
area and, in particular provides 

a needle assembly for introduction of a paddle style 
lead near a spinal column of a patient, comprising: 
a body having a proximal end and a distal end, and 
a lumen having a continuous oblong cross section, 
the distal end having an introducer portion; the 
introducer portion having an orifice to allow for pro- 
trusion of the paddle style lead from the lumen; and 
a hub affixed to the proximal end of the body 
adapted to receive a stylet; 
a stylet having a handle end at a proximal end and 
adapted to be insertable within the lumen; and 
a paddle style lead having a lead body and wires 
connected at a transition area adapted to be 
inserted through the oblong cross section of the 
lumen, the lead body adaptable to accept a stiffen- 
ing member. Additionally, the invention preferably 
includes means for stiffening the paddle style lead 
to facilitate insertion of the lead in the spinal column 
area. 

[0009] Accordingly, an object of the present inven- 
tion is to provide a non-surgical apparatus for percuta- 
neous insertion of paddle style leads that may be 
utilized by both surgeons and anesthesiologists. Cur- 
rent needles used for introduction of leads for electrical 
stimulation have a round cross section. Paddle style 
leads cannot be inserted through these needles. The 
paddle style lead must be inserted by a surgeon per- 
forming a laminotomy, a laminectomy or similar surgical 
procedure where the surgeon cuts open the tissue and 
then slides the lead into the proper position. This novel 
invention uses a needle having a lumen with an oblong 
cross section. A flat, paddle style lead based on current 
lead technology is passed through the oblong cross 
section of the lumen in this needle for introduction into 
the spinal column area. This invention allows for percu- 
taneous insertion through a needle without performing 
the above mentioned surgical procedures. 
[001 0] Another object of this invention is to enable a 
less traumatic procedure for patients during the implan- 
tation of paddle style leads for treatment. Surgical intro- 
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duction of leads for electrical stimulation is traumatic for 
patients. Insertion of teads for electrical stimulation uti- 
lizing an oblong needle that is inserted near the spinal 
column is less traumatic for patients than surgery where 
the surgeon must cut the tissue open and then slide the 5 
lead into the proper position. 

[001 1] Yet another object of this invention is to pro- 
vide an apparatus for a paddle style lead with a stiffen- 
ing member to facilitate insertion through the oblong 
cross section of the lumen of the needle. A stiffening 10 
stylet can be used to stiffen the paddle style lead. 
Another alternative is to use a continuous ribbon style 
lead such that the cross section of the lead body is the 
same as the cross section of the paddle. This procedure 
and apparatus is not limited to use with any specific 15 
paddle style or flat lead and can be used for introduction 
of leads into other areas. 

[0012] A further object of this invention is to provide 
a paddle style lead that remains relatively stiff during 
implantation and positioning and becomes relatively 20 
flaccid once inserted. Lead paddles that are stiff during 
implantation and flaccid while implanted can be a sub- 
stantial benefit during the introduction of longer lead 
paddles and as an improvement to current insertion pro- 
cedures. A stylet, or any other suitable, temporary stiff- 25 
ening method, that may be reversed after implant, will 
aid the physician in steering the paddle to the desired 
location and avoid buckling should the physician need to 
advance the paddle lead from one spinal segment to the 
next. 30 
[0013] Yet another embodiment of this invention is 
to provide for stiffening the paddle style lead using tem- 
perature controlled materials. The lead is composed of. 
at least one temperature controlled material and the 
temperature controlled material remains relatively stiff 35 
when at temperatures below a persons body tempera- 
ture and the same lead becomes relatively flaccid after 
heating to at least body temperature after insertion. A 
relatively stiff paddle improves insertability while a flac- 
cid lead is desired once inserted. 40 
[0014] The full range of objects, advantages, and 
features of the invention are only appreciated by a full 
reading of this specification and a full understanding of 
the invention. Therefore, to complete this specification, 
a detailed description of the invention and the preferred 45 
embodiments follow, (by way of example only), after a 
brief description of the drawings wherein additional 
objects, advantages and features of the invention are 
disclosed. 

[0015] A preferred embodiment of the invention is so 
illustrated in the drawings, wherein like reference 
numerals refer to like elements in the various views, and 
wherein: 

Figure 1 is a perspective representation in partial ss 
cross section of the human body nervous system. 
Figure 2 is a perspective representation in partial 
cross section of the introduction of the assembled 
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needle within the spinal area. 
Figure 3 is a perspective view of the preferred nee- 
dle of the present invention. 
Figure 4 is a perspective view of the preferred 
curved tip of the introducer portion of the needle of 
the present invention. 

Figure 5 is a perspective view of the preferred hub 
of the needle of the present invention. 
Figure 6 is a perspective view of the preferred stylet 
of the present invention. 
Figure 7 is a top view of a paddle style lead. 
Figure 8 is a perspective view of an improved pad- 
dle lead adaptable to receive a stiffening member 
during insertion. 

Figure 9 is a perspective view of an improved pad- 
dle lead adaptable to receive a stiffener strip. 
Figure 1 0 is a perspective view of a passing eleva- 
tor stiffening member. 

Figure 1 1 is a perspective view of a pocket lead with 
stiffener strip. 

Figure 1 2 is a cross section view of the pocket lead. 
Figure 1 3 is a perspective view of a stiffening mem- 
ber. 

Figure 14 is a perspective view of a continuous rib- 
bon style paddle lead. 

Figure 15 is a partial cross section perspective view 
of a Luer lock. 

Figure 16 is a perspective view of an alternative 
Luer lock. 

[0016] In the drawings, FIGS. 3-6 illustrate a pre- 
ferred embodiment of a needle 15 and stylet 45 for use 
in the procedure for introducing a paddle style lead 55 
within the spinal column area 13 as depicted in FIG. 2. 
The partial cross section of the outline of a human body 
1 0 showing the nervous system including the spinal col- 
umn 12 is depicted in FIG. 1. The apparatus of this 
invention can be used for the introduction of a paddle 
style lead 55 into the spinal column area 13 of the nerv- 
ous system. 

[0017] Referring to Figure 2, the assembled needle 
and stylet 1 4 are further depicted in relation to the spinal 
area 13. Needle assembly 14 is inserted into the spinal 
column area 13 in a fashion generally known in the art. 
In accordance with the novel improvement of the 
present invention, lumen 25 of the needle 15 has an 
oblong cross section sized to insert a paddle style lead 
and has a curve at the distal end 35 of the needle 1 5. 
[0018] Turning now to FIG. 3, a preferred embodi- 
ment of the needle 15 for percutaneous implant of a 
paddle style lead is depicted in perspective view. The 
needle 15 comprises a body 30 having a proximal end 
40 and a distal end 35 and an inside lumen 25. The 
lumen 25 has an oblong cross section. The oblong 
cross section of the lumen 25 is adapted to receive a 
stylet 45 and a paddle style lead 55. The cross section 
of the lumen 25 is such that the width is greater than the 
height. A typical width for the lumen 25 cavity to receive 
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a paddle style lead 55 is 2.5 mm to 12 mm (0.1" to 0.5") 
with a height of 1.4 mm to 2.0 mm (0.055° to 0.079°). 
The needle 15 is preferably made of stainless steel or 
other suitable materials. The needle 15 may also be 
adapted to insert multiple wire leads. Advantageously, 
the present invention allows a paddle lead to be 
inserted percutaneously without requiring the lead to be 
rolled/contorted to fit the geometry of the needle lumen. 
[0019] The needle 15 is further defined by an intro- 
ducer portion 35 at the body 30 distal end. Referring to 
FIG. 4, the introducer portion 35 having a top side and a 
bottom side is shaped to allow for penetration of a 
patient's skin and other tissue. Typically, an epidural, 
Tuohy or modified Tuohy needle may be used. The top 
side of the introducer portion 35 has an orifice 37 to 
allow the paddle style lead 55 to exit the lumen 25 of the 
needle 15 within the spinal column area 13 after inser- 
tion of the needle 15. The preferred embodiment of the 
needle 15 has an introducer 35 with a curvature. The 
curvature extends from the bottom side of the introducer 
35 to the top side of the introducer 35 to facilitate and 
guide the paddle style lead 55 during insertion. As pre- 
ferred, the radius of curvature for the introducer 35 is 
approximately 22.5 mm (0.9°). Those skilled in the art 
will appreciate that any other curvature may be 
implanted and still be considered within the scope of the 
present invention. 

[0020] Referring to FIG. 5, the body 30 proximal 
end is comprised of a hub 40. The hub 40 is affixed to 
the proximal end of the body 30 and allows the needle 
15 to be grasped. Additionally, the hub 40 provides an 
interface between the needle 1 5 and the stylet 45 during 
insertion. Referring to FIG. 15, an alternative embodi- 
ment of the hub 40 comprises a Luer lock 105 to allow 
for extracting or inserting fluids or for allowing the physi- 
cian to use the loss of resistance method for identifying 
the epidural space. Referring to FIG. 16, an alternative 
embodiment of the Luer lock 1 06 is depicted. 
[0021] Turning to now to FIG. 6, it illustrates a per- 
spective view of the stylet 45 having a proximal end that 
is adapted to mate with the needle hub 40. The stylet 45 
may be constructed of stainless steel having a length 
nearly equivalent to the length of the body 30 of the nee- 
dle 15. The stylet 45 has a distal tip 47 shaped for 
matching with the orifice 37 of the introducer 35 of the 
needle 15. A handle end 48 is affixed to a proximal end 
of the stylet 45. In the preferred embodiment, the stylet 
45 fills the entire orifice 37 of the introducer 35 to pre- 
vent any skin or other tissue from entering the lumen 25 
during insertion within the patient 
[0022] FIG. 7 illustrates a top view of a paddle style 
lead 55 for electrical stimulation. The paddle style lead 
55 is sized such that the width of the paddle style lead 
55 is less than the width of the lumen 25 and such that 
the height of the paddle style lead 55 is less than the 
height of the lumen 25. The paddle style lead 55 has a 
lead body 60 and transition area 65. Once inserted in 
the spinal column area 13, the paddle style lead 55 



remains in position and wire leads extend out of the spi- 
nal cord typically to a signal generator. The described 
sizing allows the paddle style lead 55 to be inserted 
through the lumen 25 into the spinal column area 13 
5 after the needle 15 is inserted in a predetermined posi- 
tion. 

[0023] Some paddle style leads require stiffening to 
facilitate insertion into the spinal cord area. The paddle 
style lead is adapted to accept a stiffening means. The 

w stiffening means provides stiffness to the paddle style 
lead body during implantation and once implanted the 
paddle style lead becomes relatively flexible. The stiff- 
ening means is only required with the use of a relatively 
flexible paddle style lead to facilitate insertion into the 

is spinal column area. Any number of techniques can be 
used to stiffen the paddle style lead, of which the follow- 
ing are examples. 

[0024] FIGS. 8 and 13 illustrate one embodiment of 
the stiffening means assembly. A paddle style lead 70 is 

20 adapted on a first side to accept a stiffening member 85 
made of formed wire. The paddle style lead 70 may be 
a single or a double lead body. A through hole 75 is 
affixed at a proximal end of the paddle style lead 70 and 
allows the stiffening member 85 to pass through and 

25 continue toward a distal end of the paddle style lead 70. 
The through hole 75 may be constructed of the same 
material as the paddle style lead 70 or any other suita- 
ble material in the form of a strip. The preferred embod- 
iment is constructed of the same material as the paddle 

30 style lead, typically silicone but polyurethane may be 
used. The strip is shaped to allow the stiffening member 
85 to pass into and out of and affix to the paddle style 
lead 70 on at least two sides. A blind hole 80 is affixed 
at the distal end of the paddle style lead 70 arranged to 

35 allow the stiffening member 85 to pass through the 
through hole 75 and terminate within the blind hole 80. 
When fully inserted into the blind hole 80, any further 
movement of the stiffening member 85 in a direction 
from the proximal end to the distal end of the paddle 

40 style lead 70 pushes the paddle style lead 70 with the 
stiffening member 85. Once the stiffening member 85 
terminates at the blind hole 80, the stiffening member 
85 pushes against the blind hole 80 to guide the paddle 
style lead 70 into a desired position within the spinal col- 

45 umn area 13. The paddle style lead 70 remains rela- 
tively stiff while the stiffening member 85 is within the 
through hole 75 and the blind hole 80. The stiffening 
member 85 is then used to guide the paddle style lead 
70 into a predetermined position within the spinal col- 

50 umn area 13. After the paddle style lead 70 is in a 
desired position, the stiffening member 85 is moved in a 
direction from the distal end to the proximal end of the 
paddle style lead 70. The stiffening member 85 is not 
restrained in this direction relative to the movement of 

55 the paddle style lead 70. The stiffening member 85 is 
removeable from the needle 1 5 while leaving the paddle 
style lead 70 in the desired position. The paddle style 
lead 70 is relatively flexible after the stiffening member 
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85 is removed. A formed wire is the preferred embodi- 
ment for use as the stiffening member 85 for insertion of 
the paddle style lead 70. The stiffening member may 
also be shaped as a flat strip. 

[0025] FIG. 10 depicts yet another embodiment of 
the stiffening means, a passing elevator 90. The pass- 
ing elevator 90 is constructed of a non-round, elongated 
length of plastic, typically acetal resin. The passing ele- 
vator 90 typically has a generally rectangular cross sec- 
tion. A handle 92 is attached a curved distal end 95. The 
curved distal end 95 fits within a slot version of the pad- 
dle style lead 82 of FIG. 8 as shown in FIG. 9. The blind 
hole 83 and the through hole 84 are shaped to receive 
the curved distal end 95 of the passing elevator 90. The 
passing elevator 90 is restrained in a direction from the 
proximal end to the distal end of the paddle style lead 
82. Once the passing elevator 90 is fully inserted in the 
slot blind hole 83 of the paddle style lead 82, the paddle 
style lead 82 moves in conjunction with the passing ele- 
vator 90 and allows the paddle style lead 82 to be pulled 
into a desired position. The passing elevator 90 is not 
restrained in the opposite direction, allowing the pass- 
ing elevator 90 to be removed from the patient's body 
while leaving the paddle style lead 82 in the desired 
position. An alternative embodiment for stiffening 
means shown in FIGS. 11 and 12 utilizes a blind hole 
pocket 98 that extends the length of the pocket paddle 
style lead 93. A stiffener strip 91 with a continuous cross 
section is inserted within the pocket 98. The stiffener 
strip 91 is long and flat and may have a square or 
rounded end. 

[0026] Referring to FIG. 14, a continuous ribbon 
lead 1 00 for use with the improved needle for percuta- 
neous insertion is depicted. The continuous ribbon lead 
100 may be constructed of silicone that runs the entire 
length of the lead. The continuous ribbon lead 100 has 
a continuous cross section with no transition area. The 
continuous ribbon lead 100 is inserted through the nee- 
dle 15 of FIG. 2, and the continuous ribbon lead 100 
exits the spinal cord to typically a signal generator. The 
continuous ribbon lead 100 may also be adapted with 
the stiffening means shown in FIGS. 8, 9 and 1 1 . 
[0027] The description of the apparatus of this 
invention is not intended to be limiting but is merely illus- 
trative of the preferred embodiment of this invention. 
Those of ordinary skill in the art will recognize that mod- 
ifications can be made to the needle and paddle style 
leads described herein. For example, the strip of the 
through hole 75 and blind hole 80 on the paddle style 
lead 70 may be of alternative shapes to allow for various 
shaped stiffening members 85. 

Claims 

1 . A needle assembly for introduction of a paddle style 
lead near a spinal column of a patient, comprising: 

a body having a proximal end and a distal end, 



and a lumen having a continuous oblong cross 
section, the distal end having an introducer 
portion; the introducer portion having an orifice 
to allow for protrusion of the paddle style lead 

5 from the lumen; and 

a hub affixed to the proximal end of the body 
adapted to receive a stylet; 
a stylet having a handle end at a proximal end 
and adapted to be insertable within the lumen; 

10 and 

a paddle style lead having a lead body and 
wires connected at a transition area adapted to 
be inserted through the oblong cross section of 
the lumen, the lead body adaptable to accept a 

15 stiffening member. 

2. The needle assembly of claim 1 , wherein the lead 
body has a first side and a second side, the first 
side having a blind hole at a distal end adapted to 

20 receive a stiffening member from the proximal end 
terminating at the blind hole. 

3. The needle assembly of claim 1 , wherein the lead 
body has a first side and a second side, the first 

25 side having a blind hole at a distal end and a 
through hole at a proximal end, the blind hole 
adapted to receive a stiffening member through the 
through hole terminating at the blind hole. 

30 4. The needle assembly of claim 1, wherein the lead 
body has an acceptor means affixed to the lead 
body to allow a stiffening means to mate with the 
lead body. 

35 5. The needle assembly of claim 1, wherein the lead 
body has a continuous cross section extending 
from the lead body to a position outside a patient's 
body after implantation or to the implanted exten- 
sion. 

40 

6. The needle assembly of claim 1 , wherein the lead 
body is made of at least one temperature controlled 
material, the at least one temperature controlled 
material being relatively stiff at a first temperature 

45 below a body temperature and relatively flexible at 
a second temperature at least at the body tempera- 
ture. 

7. The needle assembly of claim 1 , wherein the lead 
so body has a first side and a second side, the first 

side having a pocket substantially the entire length 
of the paddle style lead adapted to receive a stiffen- 
ing member. 

55 8. The needle assembly of claim 1 , wherein the stiff- 
ening member is a passing elevator. 

9. The needle assembly of claim 2, wherein the stiff- 
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15. The needle assembly of claim 1 , wherein the hub is 
a Luer lock. 

16. A paddle style lead, comprising, in combination: 



5 



ening member is a passing elevator. 

10. The needle assembly of claim 7, wherein the stiff- 
ening member is a passing elevator. 

11. The needle of claim 3, wherein the stiffening mem- 
ber is a formed wire. 



12. The needle of claim 3, wherein the stiffening mem- 
ber is a flat strip. 10 

13. The needle of claim 7, wherein the stiffening mem- 
ber is a flat strip. 

14. The needle assembly of claim 1, wherein the intro- is 
ducer has a curvature extending from the bottom 
side toward the top side at the distal end to provide 

a guide for introduction of the paddle style lead near 
the spinal column. 



20 



25 



a paddle lead having a first side and a second 
side, the first side having a blind hole at a distal 
end and a through hole at a proximal end 
adapted to receive a stiffening member; 
a stiffening member received through the 30 
through hole and terminating at the blind hole. 

17. The paddle style lead of claim 16, wherein the stiff- 
ening member is a formed wire. 

35 

18. The paddle style lead of claim 16, wherein the stiff- 
ening member is a passing elevator. 

19. The paddle style lead of claim 16, wherein the stiff- 
ening member is a flat strip. 40 

20. A paddle style lead, comprising a paddle lead made 
of at least one temperature controlled material, the 
at least one temperature controlled material being 
relatively stiff at a first temperature below a body 45 
temperature and relatively flexible at a second tem- 
perature at least at the body temperature. 
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